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(54) [Title of the Invention] 

Thin Film Semiconductor Device and 

Its Manufacturing Method 
(57) [Abstract] 
[Object] 

By providing an SOI substrate in which an impurity 
containing semiconductor region constructed by a P-type 
semiconductor region and an n-type semiconductor region and 
a semiconductor region containing no impurity are formed in 
an arbitrary position on the substrate, processing steps of 
an SOI device process are shorten, thereby improving a 
yield. 
[Structure] 

In a thin film semiconductor device in which a 
semiconductor thin, film is formed on an insulating 
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substrate, it is characterized that a monocrystalline region 
and a polycrystalline region exist in the semiconductor thin 
film on the same insulating substrate and a P-type active 
region and an n-type active region exist' in the 
semiconductor thin film. 
[Scope of Claim for Patent] 
[Claim 1] 

A thin film semiconductor device in which a 
semiconductor thin film is formed on an insulating 
substrate, characterized in that a monocrystalline region 
and a polycrystalline region exist in said semiconductor 
thin film on the same insulating substrate and a P-type 
active region and an n-type active region exist in said 
semiconductor thin film. 
[Claim 2] 

A manufacturing method of a thin film semiconductor 
device of claim 1, characterized by comprising the steps of 

forming polycrystalline semiconductor region, a P-type 
impurity containing polycrystalline semiconductor region, 
and an n-type impurity containing polycrystalline 
semiconductor region on the same insulating substrate, 

forming a surface protecting film on said regions, 

after that, 

irradiating a first laser beam that is absorbed into a 
semiconductor and a second laser beam that is absorbed into 
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an insulating substrate so that an irradiating region of 
said second laser beam covers an irradiating region of said 
first laser beam and said irradiating region of the second 
laser beam covers at least one of said polycrystalline 
semiconductor region, P-type impurity containing 
polycrystalline region, and n-type impurity containing 
polycrystalline region, and 

melting and recrystallizing said first laser beam 
irradiating region. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field] 

The present invention relates to a thin film 
semiconductor device having a thin film semiconductor layer 
in which at least one region is made of monocrystal on an 
insulating substrate. 
[0002] 
[Prior Art] 

As for a method of forming a monocrystalline 
semiconductor thin film on an insulating substrate, what is 
called an SOI forming method, many, methods have been 
proposed so far. In most of the methods, a non-crystalline 
or polycrystalline semiconductor thin film is formed on an 
insulating substrate and the non-crystalline or 
polycrystalline silicon thin film is melted by various heat 
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sources and is recrystallized, so that it is 
monocrystallized. As heat sources in this case, there are a 
laser beam, an electron beam, various lamp light, and a wire 
carbon heater. In the prior arts, when the thin film is 
melted and recrystallized, it is recrystallized without 
doping and, after that, impurities are introduced when a 
device is formed on the SOI. The reason is that since 
conditions of. the recrystallization are changed when 
impurities are' introduced upon recrystallization, it is 
difficult to form a P-type semiconductor region and an n- 
type semiconductor region in an arbitrary region on the 
substrate. Consequently, when the device is formed by using 
the SOI, a processing step of introducing impurities is 
needed. Since the processing step is complicated, it result 
in a cause of decreasing a yield. 
[0003] 
[Object] 

It is an object of the invention to provide an SOI 
substrate in which an impurity containing semiconductor 
region comprising a P-type semiconductor region and an n- 
type semiconductor region and a semiconductor region 
containing no impurity are formed in an arbitrary position 
on a substrate, thereby reducing processing steps of an SOI 
device process and improving a yield. Another object of the 
invention is to form an impurity containing semiconductor 
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region comprising a P-type semiconductor region and an n- 

type semiconductor region and a semiconductor region 

containing no impurity in an arbitrary position upon melting 

recrystallization by using a good controllability of an 

irradiating position and a power of a laser beam. 

[0004] 

[Structure] 

The first aspect of the invention relates to a thin film 
semiconductor device in which a semiconductor thin film is 
formed on an insulating substrate, characterized in that a 
monocrystalline region and a polycrystalline region exist in 
the semiconductor thin film on the same insulating substrate 
and a P-type active region and an n-type active region exist 
in the semiconductor thin film. The second aspect of the 
invention relates to a manufacturing method of a thin film 
semiconductor device of claim 1, characterized in that a 
polycrystalline semiconductor region, a P-type impurity 
containing polycrystalline semiconductor region, and an n- 
type impurity containing polycrystalline semiconductor 
region are formed on the same insulating substrate, a 
surface protecting film is formed on the regions, after 
that, a first laser beam that is absorbed into a 
semiconductor and a second laser beam that is absorbed into 
an insulating substrate are irradiated so that an 
irradiating region of the second laser beam covers an 
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irradiating region of the first laser beam and the 
irradiating region of the second laser beam covers at least 
one of the polycrystalline semiconductor region, P-type 
impurity containing polycrystalline region, and n-type 
impurity containing polycrystalline region, and a first 
laser beam irradiating portion is melted and recrystallized. 
[0005] 

The invention will now be described in detail 
hereinbelow with respect to a case of using silicon as a 
semiconductor thin film. According to the invention, it is 
not limited to silicon but the invention can be also applied 
to all of materials made of a single or compound 
semiconductor of Group IV, Group III-V, or Group II -VT of 
the periodic system in which the crystal structure is a 
diamond structure or a zinc blende structure. Specifically 
speaking, in addition to Si, Ge, SiC, BN, BP, BAs, AlP, 
AlSb, GaP, GaAs , GaSb, InP, InAs, InSb, ZnS, ZnSe, ZnTe, 
CdS, CdSe, CdTe, CdHg, and the like. 
[0006] 

In a manufacturing method of a thin film semiconductor 
device disclosed in the invention, when a monosilicon thin 
film is formed on an insulating substrate by a zone melting 
recrystallization, silicon is melted by simultaneously 
irradiating a laser beam that is absorbed into silicon and a 
laser beam that is absorbed in the insulating substrate and 
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is recrystallized. Further, when a silicon layer is melted 
and recrystallized by irradiating two laser beams, 
irradiating conditions such as. powers, beam shapes, and 
irradiating positions of the two laser beams are changed, 
thereby allowing the monosilicon thin film to have a P-type 
region and. an n-type region. 
[0007] 

A situation in which monosilicon is made from non- 
crystalline or polycrystalline silicon formed on the 
insulating substrate by the melting recrystallization will 
now be explained as follows. The non-crystalline or 
polycrystalline silicon formed on the insulating substrate 
is heated and melted by various heat sources (the melting 
point of silicon is 1412 °C) . When the heated portion is 
relatively scanned on the silicon layer, the molten silicon 
is cooled and solidified in association with a movement of 
the heat source and is recrystallized. As shown in Fig. 1, 
when a temperature distribution of a melting portion by 
heating at this time shows a situation in which a 
temperature of the center portion is high and that of a 
periphery is low, a lot of recrystallization of molten 
silicon simultaneously start, from the periphery of the 
melting portion. Consequently, the recrystallized silicon 
results in polycrystalline substance. . In order to prevent 
such a polycrystallization and to perform the 
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recrystallization, it is known that it is sufficient to set 
a temperature profile (temperature profile described in the 
invention indicates a change in temperature of silicon in a 
melting recrystallizing procedure of silicon, namely, a 
series of phenomena such as heating, melting, cooling, and 
solidifying and, specifically speaking, it is expressed by 
measuring a temperature or a physical quantity indicative of 
a temperature in the foregoing one or plurality of states) 
in the melting region to a state in which a temperature of 
the center portion to be lower than that of the periphery. 
In this manner, as shown in Fig. 2, the recrystallization 
always starts from the center portion and the r eery s tall ized 
silicon is obtained as monocrystal. As a heat source, a 
laser beam is mainly used. A scanning speed of the heat 
source is generally equal to about tens of cm/sec. Further, 
as another method of forming a monosilicon thin film on an 
insulating substrate by the melting recrystallization, there 
is a zone melting recrystallization. In the method, a 
situation in which monosilicon is formed is described as 
follows. Its schematic is shown in Fig. 3. When a silicon 
layer in which the melting recrystallization is performed is 
zonally heated and melted, the silicon layer except for a 
zonally melting region 8 is heated up to a temperature near 
the melting point of silicon and silicon is solidified and 
recrystallized by moving the melting region, thereby 
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obtaining monosilicon. In a solid-liquid interface of 
congelation of molten silicon at that time, as shown in Fig. 
4, a region, in a supercooling state, which is held in a 
liquid state when the temperature exceeds the melting point 
of silicon of 1412 °C, exists and it. is known that the 
solid-liquid interface of the recrystallization of silicon 
is formed by a group of facets {small crystal plane) of the 
(111) plane of the slowest growing speed among the crystal 
planes of silicon in the supercooling region. ■ The formation 
of monosilicon is made in such a manner that the 
supercooling region is moved in association with the zone 
melting region 8 and the facet plane constructed by the 
(111) plane of silicon are continuously grown in the 
supercooling region. As a method of forming the zone 
melting region, there is a method of heating by a linear 
carbon heater located close over the substrate or an RF 
induction heating method. A moving speed of the zone 
melting region in the method is almost equal to about 
several mm/sec. A fact that a state which is approximate to 
a thermal equilibrium is realized in the solid-liquid 
interface of the recrystallization can be regarded as 
characteristics of the method. In the case of a 
recrystallized monosilicon thin film formed by such a zone 
melting recrystallization using quartz glass (or an Si0 2 
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layer) as an insulating substrate and Si02 formed by a 

thermal CVD as a surface protecting film upon 
recrystailization, it is known that a crystal orientation 
plane of the recrystallized film is the (100) plane in spite 
of a fact that no species crystal is used. 
[0008] 

The present inventors paid attention to the zone melting 
recrystailization and invented the zone melting 
recrystailization using heating means having a function 
different from that of the conventional heating method. 
Consequently, by using the method according to the 
invention, it is possible to obtain a recrystallized 
monosilicon film having a P-type region and an n-type region 
on the same substrate, which is difficult in the 
conventional zone melting recrystailization. A technical 
background of the invention will now be described. In the 
invention, as heat sources, two kinds of laser beams such as 
a laser beam (hereinbelow, referred to as a first laser 
beam) that is absorbed into silicon and a laser beam 
(hereinbelow, referred to as a second laser beam) that is 
absorbed into an insulating substrate are used. Because 
those laser beams are heat sources which are extremely 
suitable for forming monosilicon on the insulating 1 substrate 
by the zone melting recrystailization. First, a point that 
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the laser heating method has an advantage over the other 
heating methods in the zone melting recrystallization will 
now be described. Fig. 7 shows a heating state by a linear 
heater which is generally used as a heat source in the zone 
melting recrystallization by the conventional method. In a 
temperature region that is approximate to the melting point 
of silicon, a radiation heating is mainly used as a heating 
from the linear heater as a heat source. In such a case, a 
thermal quantity which is received from the heat source on 
an arbitrary point on the substrate is calculated from the 
following expression (1) . 
[Expression 1] 

Ql - 2 Mj Ai J A 2 Hi *kt (1) 

Q12 denotes a thermal quantity which an arbitrary^ 

point on the substrate receives from the heat source 

L denotes a distance between the heat source and the 

substrate having a semiconductor layer 

Ai denotes an area serving as a heat source of the 
linear heater 

A 2 denotes an area of the semiconductor layer which 
receives a heating 

dAi denotes a micro region in Ai 
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dA2 denotes a micro region in A2 

<Pi denotes an angle which is defined by dAi and dA2 

$2 denotes an angle which is defined by dA.2 and dAi 

As will be obviously understood from the description of 
the expression (1) , the distance between the heat source and 
the substrate exerts an influence by a weight of the square. 
That is, in the case of realizing the temperature profile to 
stably perform the zone melting recrystallization by the 
radiation heating, the distance between the heat source and 
the substrate has to be precisely controlled. The request 
to the heat source is not limited to the case of the linear 
heater. Even in the case of the other heat source, it is 
inevitable so long as the radiation heating is used as a 
heating method. On the other hand, when the laser beam is 
used as a heat source, since an occurrence of the heat is 
made by an absorption of the laser beam, the temperature 
profile on the substrate is not influenced by the distance 
between the substrate and the laser beam source. In 
consideration of an excellent parallelism of the laser beam, 
the light source can be guided from an arbitrary position 
onto the substrate. In the zone melting recrystallization 
using the conventional heating method, since it is- necessary 
to form a supercooling region in the solid-liquid interface 
of the recrystallization, a cooling speed has to be lowered. 
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Therefore, it is necessary to heat the whole substrate up to 
a temperature near the melting point of silicon in order to 
reduce a thermal gradient of the solid-liquid interface. 
Consequently, the substrate after completion of the zone 
melting recrystallization is often thermally deformed due to 
the heating at a high temperature for a long time. Since 
the size of a heating apparatus becomes a large scale or 
there is a limitation on the device, there is a case where 
the dimension of the substrate is restricted. On the other 
hand, in the case of using the laser beam as a heat source, 
since the laser beam has an energy density that is 
sufficiently higher than that of the other heating means, a 
laser irradiating region can be held at a sufficiently high 
temperature against a thermal escape to the periphery. 
Accordingly, it is unnecessary to heat the whole substrate 
at a high temperature approximate to the melting point of 
silicon, there is no problem of the deformation of the 
substrate due to the high temperature heating generated in 
the conventional zone melting recrystallization, and there 
is also no limitation on the device to heat the substrate. 
In addition to the above-mentioned characteristics in the 
case of using the laser beam as a heat source, , the size of 
the laser beam can be arbitrarily changed by ■ combining 
various optical parts such as lens and mirror and the laser 
beam can be also guided to an arbitrary location, so that it 
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is possible to selectively execute a process of the zone 
melting recrystallization to only one part in the substrate, 
that is difficult to realize by the . conventional heating 
method. Further, since the absorption of the. laser beam 
into a material is stopped at a depth of about tens of Jim 
from the surface of the material, when the laser is used as 
a heat source, only the surface of the substrate is merely 
heated. . Therefore, although it is impossible to realize by 
the conventional zone melting recrystallization, by forming 
a proper heat resisting layer on the substrate surface, the 
substrate having a melting point or a softening point that 
is lower than that of silicon can be also used as a 
supporting plate. 
[0009] 

According to the invention, in addition to the above- 
mentioned convenient point when the laser beam is used as a 
heat source in the zone melting recrystallization, there are 
new characteristics because the above-mentioned two kinds of 
laser beams are used. Fig. 5 shows a situation of the zone 
melting recrystallization by the method as disclosed in the 
invention. When a first laser beam 4 and a second laser 
beam 5 mentioned above are simultaneously irradiated onto a 
silicon layer (semiconductor layer) 2 formed on an 
insulating substrate 1, the first laser beam 4 is absorbed 
into the silicon layer 2 and a generation of heat occurs. 
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The second laser beam 5 is absorbed into the substrate 1 and 
the generation of heat occurs. That is, the silicon layer 2 
is heated by the first laser beam 4 in a state in which the 
layer is preheated by ■ the second laser 5 . As for the 
temperature profile of the heating regions by the two kinds 
of laser beams at that time, as shown in Fig. 6, a beam 
diameter (a 2 ) of the second laser beam is set to be wide and 

a first laser beam diameter (Pi) is set to be narrow. By 

optimizing powers of the two kinds of laser beams, the 
melting region of silicon can be formed. In the region 
which is heated by the laser beams, such a temperature 
profile is substantially the same as that for realizing the 
zone melting recrystallization as shown in Fig. 3. By 
relatively scanning the beams for the substrate while 
maintaining the temperature profile, recrystallized 
monosilicon is obtained by a mechanism of the above -mentione 
d zone melting recrystallization. In the method, further, 
as typical characteristics, there is a point that it is 
possible to generate the heat in different locations in such 
a manner that the heat by the irradiation of the first laser 
beam occurs in the silicon thin film layer and the heat by 
the irradiation of the second laser beam occurs in the 
insulating substrate. The present inventors paid attention 
to the characteristics of the two -wave length laser zone 
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melting recrystallization, studied in detail the zone 
melting recrystallization of the silicon thin film on the 
insulating substrate by the method, and come to the 
conclusion that a monocrystalline silicon thin film having a 
P-type region and an n-type region can be formed on an 
amorphous insulating substrate by the present method. Its 
details will now be described hereinbelow. 
[0010] 

Component elements of a thin film semiconductor device 
in the invention will now be described hereinbelow with 
reference to Fig. 8. A supporting plate 11 is made of an. 
insulating material. Although an insulating material such 
as quartz glass or ceramic having a heat resistance is used 
as a single material, metal or a substrate in which a proper 
insulating film is formed on a' semiconductor can be also 
used as a supporting plate of the invention. Specifically 
speaking, a substrate obtained by forming Si0 2 or Si 3 N 4 as an 
insulating material on a silicon wafer is used. A substrate 
obtained by forming an insulating material such as Si0 2 or 
Si 3 N 4 on metal such as Fe, Al, or Cu can be also used as a 
supporting plate. Further, a material in which the melting 
point is lower than that of silicon can be used as a 
supporting plate by forming a heat resisting layer. As. a 
material for constructing the heat resisting layer, 
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insulating materials such as Si0 2 , A1 2 0 3 , Ti02, Zr02/ Si 3 N 4 , 
and BN exist and conductive materials such as TiC and Sic 
exist. When the heat resisting layer is constructed by the 
conductive material, it is necessary to use it by combining 
with the above-mentioned insulating material. According to 
the circumstance, a plurality of heat resisting materials 
can be also used by combining. Those materials are formed 
by using various film forming methods such as plasma CVD, 
thermal CVD, optical CVD, LP-CVD, MO-CVD, sputtering, vapor 
evaporation, and ion beam cluster film formation or various 
methods of reforming materials such as ion implantation and 
the like. When the insulating material is formed on the 
semiconductor or metallic material and the resultant 
material is used as a supporting plate or the heat resisting 
layer or insulating layer is formed on a material of a low 
melting point and the resultant material is used as a 
supporting plate, it is desirable to determine the thickness 
of the insulating layer or- heat resisting layer in 
consideration of the absorption of the second laser beam in 
a material to be used. For instance, when a carbon dioxide 
laser beam is used as a second laser beam and Si02 is formed 
as a material for the insulating layer or heat resisting 
layer, the film thickness is set to about 50 \m. When an 
insulating material such as a quartz glass plate is solely 
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used as a supporting plate, the dimension that is 
sufficiently thicker than the absorbing thickness of the 
laser is generally selected in order to maintain its 
mechanical intensity. Ordinarily, the value is equal to 0.3 
to 0.5 mm. Preferably, it is set to 0.5 to 2.0 mm. The 
silicon layer 12 which is monocrystallized on the supporting 
plate 11 by the two-wavelength laser zone melting 
recrystallization is made of polysilicon or non-crystalline 
silicon. The silicon layer 12 is formed by using various 
film forming methods such as plasma CVD, thermal CVD, 
optical CVD, LP-CVD, MO-CVD, sputtering, vapor evaporation, 
and ion beam cluster film formation or various methods of 
reforming materials such as ion implantation and the like. 
There is also a case where the silicon layer 12 is shaped 
into an arbitrary form by using*- a normal photolithography 
method when it is discriminated that such a process is 
needed in the zone melting recrystallization. Specifically 
speaking, it is shaped into a stripe-form, an island-form, 
or a connected- is land- form. As those purposes, in each 
case, it is an object to restrict a movement of silicon melt 
on the supporting plate 11, thereby improving a stability of 
a facet growth. It is a method which has often been used by 
the zone melting recrystallization. Doped polysilicon 
stripe portions 13 and 14 as impurity sources are formed by 
using the method similar to that for the polysilicon portion 
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12. It is assumed that the portions 13 and 14 are 
polysilicon which are doped in types which are opposite to 
each other in such a manner that, when one portion is set to 
the P-type, the other is set to the n-type. It is desirable 
that a stripe interval of each of the portions 12, 13, and 
14 is equal to 1 (lm or less. The situation is shown in Fig. 
9. The thickness of each of the silicon layers 12, 13, and 

14 in a range of 0.1 to 5.0 [im can be used for the 
recrystallization. Preferably, it is set in a range of 0.3 
to 1.0 (lm, A surface protecting film 15 is indispensable 
for forming the monosilicon thin film by the zone melting 
recrystallizing method. It is formed in order to prevent a 
rounding phenomenon (bead-up phenomenon) by an evaporation 
or a surface tension of molten silicon in the zone melting 
recrystallizing procedure. Such a surface protecting layer 

15 is made of an insulating material. As a desirable 
material, Si02, SiO, Si3N 4/ and SiN exist. The silicon layer 
12 is formed by solely using the material or combining a 
plurality of materials. As a method of forming the surface 
protecting film 15, there are various film forming methods 
such as plasma CVD, thermal CVD, optical CVD, LP-CVD, MO- 
CVD, sputtering, vapor evaporation, and ion beam cluster 
film formation or various methods of reforming materials 
such as ion implantation and the like. Although the film 
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thickness is optimized in a range of about 0.5 to 5.0 \m and 
is formed, preferably, it is set to 1.0 to 2.0 |im. There is 
also a case where a surface protecting layer 3 is removed in 
a processing step of forming a semiconductor device by using 
the thin film semiconductor device according to the 
invention as a raw material. 
[0011] 

As a first laser beam in the two-wavelength laser zone 
melting recrystallization of the invention, a laser beam for 
emitting light of a wavelength existing in an absorbing zone 
(on the wavelength side shorter than about 1.2 Jim) for 
silicone can be widely used. Specifically speaking, various 
lasers in a short wavelength region such as excimer laser, 
He-Cd laser, Ar laser, He-Ne laser, ruby laser, alexandrite 
laser, and YAG laser or semiconductor laser or the like can 
be used. From the viewpoint that the laser is set to a heat 
source to form a temperature profile necessary for the zone 
melting recrystallization, a laser in which an power that 
can be extracted is relatively large and which can be 
continuously generated and it is preferable to select it 
among the Ar laser, YAG laser, or semiconductor laser of a 
high power. As for the laser beams, in order to widen the 
irradiating region, a laser beam expander is inserted into 
the path of the beam, thereby enabling the beam to be 
enlarged. Further, it is also possible to synthesize and 
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use a beam by using a plurality of laser beams. As a beam 
shape in the. case of irradiating onto the silicon layer, an 
uniform linear beam is preferable so as to be suitable for 
realization of the zone melting recrystallization. The beam 
shape can be linearly uniformed by using various optical 
machines. As mentioned above, it is possible to form a 
uniform linear beam by using a plurality of beams. Further, 
it is also possible to form a falsely linear beam by a high- 
speed scanning of the beam. As a second laser beam which is 
used to preheat the substrate, a laser beam which is 
absorbed into the insulating material can be widely used. 
Since the laser beam in an infrared region is widely 
absorbed into the insulating material, it is suitable as a 
second laser beam. Specifically speaking, a carbon dioxide 
laser or a carbon monoxide laser can be used. As a beam 
shape of the second laser beam, it is not always necessary 
that it is linear. In the case of irradiating it so as to 
be superimposed on the above-mentioned first laser beam, it 
is sufficient so long as it has a beam shape of an enough 
size to control a thermal profile in which silicon is melted 
by the heating of the first laser and is recrystallized. As 
shown in Fig. 10, when it is assumed that the length of the 
linearly formed first laser beam is set to Li, as a length L2 

of the second laser in the direction, a value to satisfy L2 
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> Li is needed. Preferably, L 2 > 1.2Li. Although the laser 

beam is generally obtained as a circle, it can be used in a 
long and narrow oval or substantially a rectangular form 
shaped by various means. 
[0012] 

Together with the first laser beam, the second laser is 
used as a heat source of the zone melting recrystallization 
of the silicon layer. The heating by the first laser beam 
is mainly used in order to melt silicon. On the other hand, 
the heating by the second laser beam is used in order to 
control a cooling solidification recrystallizing procedure 
of the molten silicon. Therefore, a region which is heated 
by the second laser beam has to exhibit a uniform 
temperature profile. For the purpose, it is necessary that 
the beam of the second laser beam exhibits a uniform power 
density in a wide region as compared with the beam of the 
first laser beam. It is possible to flat the beam power by 
using various optical devices such as kaleidoscope and 
segment mirror. In a manner similar to the case of the 
above-mentioned first laser beam, it is also possible that a 
plurality of laser beams are synthesized, thereby forming a 
flat synthetic beam. The temperature profile of the heating 
portion can be flatted by scanning the beam. As ■ the laser 
beams, in addition to one of a continuous generating type, a 
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laser beam of a pulse generating type can be also used. In 
this manner, although the beam of the second laser beam is 
irradiated onto the substrate in such an arrangement that it 
almost surrounds the beam of the first laser beam, there is 
a case where even when a beam intensity is uniform, the 
temperature gradient occurs in a portion near the outer 
circumference of the beam of the second laser beam due to a 
large temperature difference between the beam inner portion 
and the beam outer portion. In this case, it is also 
possible to realize a flattening of the temperature by using 
a beam profile in which the outer circumference portion of 
the beam is emphasized. 
[0013] 

As for the first laser beam and second laser beam which 
are used in the two -wavelength laser zone melting 
recrystallization, in addition to the above-described 
construction, the intensities of the laser beams have to be 
modulated in accordance with a change in temperature of the 
irradiating location. In order to realize a. melting 
recrystallizing temperature profile like the temperature 
gradient to decide a range of the temperature of molten 
silicon or an inclination of the facet plane of the solid- 
liquid interface, it is necessary to feedback control the 
powers of the laser beams to be irradiated. The reason is 
that a thermal quantity generated by the absorption of the 
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[0014] 

[Embodiments] 

Embodiment 1 

In the embodiment, an Ar laser beam is used as a first 
laser beam and a carbon dioxide laser beam is used as a 
second laser beam. The substrate on which a recrystallized 
film is made is formed as follows. In Fig. 11, a 
transparent quartz glass plate having a thickness of 1.0 mm 
is used as a supporting plate 11. The glass supporting 
plate 11 is cleaned by an ordinary method and a polysilicon 
thin film is formed as a silicon layer 12 which is 
monocrystallized by the zone melting recrystallization by 
using a low pressure chemical vapor deposition system (LPCVD 
system) . The film thickness is 3500 A. The polysilicon 
thin film 12 is shaped into a stripe form having a width of 
500 nia by the photolithography method as shown in Fig 12. 
On both sides of the stripe, the P-type polysilicon stripe 
13 and n-type polysilicon stripe 14 are formed by the method 
similar to the above. The width of each of the P-type 
polysilicon stripe and n-type polysilicon stripe is set to 
50 nm and each interval between the stripes is set to 1 pm. 
The Si02 thin film 15 is formed as a surface protecting 
layer upon zone melting recrystallization at a thickness of 
1.2 |Llm on the polysilicon 12, P-type polysilicon 13, and n- 
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type polysilicon 14 by using the LPCVD system. The 
polysilicon thin film sample formed as mentioned above is 
heated and melted by simultaneously irradiating the above- 
mentioned Ar laser beam {first laser beam) and the carbon 
dioxide . laser beam (second laser beam) and is 
monocrystallized by the zone melting recrystallization. The 
irradiating method of the laser will now be described 
hereinbelow. In order to obtain non-doped monosilicon after 
completion of the recrystallization, the laser beams are 
irradiated as shown in Fig. 13. Both of the first laser 
beam and the second laser beam are adjusted so as to be 
irradiated to only the polysilicon stripe 12 (a first laser 
irradiating region is shown by reference numeral 16 and a 
second laser irradiating region is shown by reference 
numeral 17) . Upon recrystallization, not only the sample is 
irradiated by the laser beams but also it is preheated at 
900 °C in a furnace. A scanning speed of the laser beam is 
1.0 mm/sec. Although generating conditions of the laser 
beams cannot be unconditionally described depending on a 
method of converging a lens or the like, conditions to 
finely recrystallize can be obtained by the Ar laser beam 
(first, laser beam) of 1W and the carbon dioxide laser beam 
(second laser beam) of 10W. In order to obtain. the P-type 
monosilicon thin film or n-type monosilicon thin film which 
will be described hereinbelow, the melting recrystallization 
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is performed due to the irradiating position of the laser 
beams and generating conditions or by increasing the number 
of laser beams to be used as necessary. A scanning speed 
and a temperature in the furnace are set on the same 
conditions as those mentioned above. A method of forming 
the P-type polysilicon thin film is shown in Fig. 14. The 
carbon dioxide laser beam (second laser beam) 17 is 
irradiated so as to irradiate to the P-type polysilicon 
stripe 13 . The P-type polysilicon stripe 13 is irradiated 
by the carbon dioxide laser beam 17 but it is not melted. A 
p_type impurity element contained in the P-type polysilicon 
stripe 13 are diffused by heating by the carbon dioxide 
laser beam. When the polysilicon stripe 12 is melted and 
recrystallized, the element is melted into the stripe and 
recrystallized. A method of increasing the impurity element 
content more than that in the case in Fig. 14 is shown in 
Fig. 15. Both of the Ar laser beam (first laser beam) 16 
and the carbon dioxide laser beam (second laser beam) 17 are 
irradiated so as to irradiate the P-type polysilicon stripe 
13. In this case, - the P-type polysilicon stripe 13 is 
melted, so that the P-type impurity element more than that 
in the case in Fig. 14 is generated. A method of obtaining 
the n-type polysilicon thin film is shown in Figs. 16 and 
17. By the same method as that of obtaining the P-type 
monosilicon thin film as mentioned above, the n-type 
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monosilicon thin film having the impurity content that is 
larger than that of the irradiating method in Fig. 16 can be 
obtained in Fig. 17. In case of the irradiating conditions 
in Figs. 14, 15, 16, and 17, as compared with the 
irradiating conditions in Fig. 13, the impurity element is 
contained, so that a supercooling easily occurs. 
Consequently, as for the power of the Ar laser, the power 
density is set so as to be lower than that of the case in 
Fig. 13 by about 10%. As mentioned above, by adjusting the 
irradiating position and the powers of the laser beams 
during the scanning of the melting recrystallization, the 
monosilicon thin film having the P-type region 13 and n-type 
region 14 as shown in Fig. 18 can be obtained. Fig. 18 is 
an enlarged view that is larger than those in Figs. 13, 14, 
15, 16, and 17 and shows a situation in which a non-doped 
region, the P-type region 13, and n-type region 14 can be 
arbitrarily formed during the recrystallizing process. As 
an application example of the thin film semiconductor 
device, there is a formation of a complementary FET device 

(C-MOS) by using monocrystalline regions of the P-type and 
n-type. 

[0015] 

[Effects] 

According to the invention, a new type thin film 
semiconductor device constructed by an impurity 
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monocrystalline semiconductor region having P-type and n- 
type. regions and a monocrystalline or polycrystalline 
semiconductor region having no impurity every specific 
region on one semiconductor layer can be provided. 
According to the invention, since various semiconductor 
regions having materials suitable for the object and 
applications exist on the same substrate, a degree of 
freedom in device design and manufacturing process is 
widened and a device of* a high performance can be also 
provided. Since the thin film semiconductor device of the 
invention has two impurity semiconductor regions such as P- 
type region and n-type region on the same insulating 
substrate, when a semiconductor device is formed by using 
the member, a processing step of introducing impurities such 
as ion implantation or the. like can be omitted. 
Consequently, the process can be shortened and the yield can 
be improved. When the method of the invention is used, the 
thin film semiconductor device of the invention can be 
efficiently obtained by using good characteristics of the 
controllability of the laser beam* According to the 
invention, since the impurity sources of both types such as 
P-type and n-type exist in the periphery of the region to be 
monocrystallized, the non-doped region, P-type region, and 
n-type region can be arbitrarily formed by selecting the 
laser irradiating method during the monocrystallizing 
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process. Consequently, as a member of a circuit such as an 
ASIC in which it can be expected that a process is changed, 
a desirable member can be provided. 
[Brief Description of the Drawings] 
[Fig. 1] 

Schematic diagram showing that a polycrystallizing is 
performed depending on a state of a temperature distribution 
in a melting recrystallization. 
[Fig. 2] 

Schematic diagram showing that a monocrystallizing is 
performed depending on a state of the temperature 
distribution in the melting recrystallization. 
[Fig. 3] 

(a) shows a desirable temperature distribution of a 
silicon thin film in the. direction (arrow) of 
recrystallization, in which a portion of a temperature that 
exceeds the melting point of silicon of 1412 °C is a portion 
where the melting recrystallization is performed; and 

(b) -is a schematic view of a thin film semiconductor 
device constructed by an insulating substrate having a layer 
of a silicon thin film, in which reference numeral 8 denotes 
a melting portion of silicon. 

[Fig 4] 

State diagram of a solid-liquid interface of molten 
silicon. 
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[Fig. 5] 

Cross sectional plan view of a thin film semiconductor 
showing a state of a zone melting recrystallization of the 
invention. 
[Fig. 6] 

Temperature profile of a heating region by two kinds of 
laser beams of the invention. 
[Fig. 7] 

Schematic view of a zone melting method using a linear 
heater . 
[Fig. 8] 

Cross sectional plan view showing an example of a thin 
film semiconductor device of the invention. 
[Fig. 9] 

Plan view observed from a portion taken along the line 
X-X in Fig. 8. 
[Fig. 10] 

Diagram showing a desirable relative positional relation 
between a first laser beam and a second laser beam which can 
perform a two-wavelength laser zone melting 
recrystallization that is used in the thin film 
semiconductor device of the invention. 
[Fig. 11] 

Cross sectional plan view of a thin film semiconductor 
device of an embodiment of the invention. 
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[Fig. 12] 

Plan view observed from a portion taken along the line 
X-X in Fig. 11. 
[Fig. 13] 

Schematic view for explaining irradiating conditions .of 
the first laser beam and second laser beam in the invention. 
[Fig. 14] 

Schematic view for explaining the other irradiating 
conditions of the first laser beam and second laser beam in 
the invention. 
[Fig. 15] 

Schematic view for explaining the other irradiating 
conditions of the first laser beam and second laser beam in . 
the invention. 
[Fig. 16] 

Schematic view for explaining the other irradiating 
conditions of the first laser beam and second laser beam in 
the invention. 
[Fig. 17] 

Schematic view for explaining the other irradiating 
conditions of the first laser beam and second laser beam in 
the invention. 

[Description of Reference Numerals] 

1... insulating substrate 

2... semiconductor layer (silicon layer) 
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3 . . . surf ace protecting layer 

4... first laser beam 

5 . . . second laser beam 

8 . . . melting zone 

11... insulating substrate 

12 . . . semiconductor region containing no impurity 

13 . . . P-type active semiconductor region 

14 . . . n-type active semiconductor region 

15... surface protecting layer 

16... first laser beam (irradiating portion) 

17... second laser beam (irradiating portion) 
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[Fig. 1] 

a) . . . Polycrystal 

b) . . . Low 

c) . . . Temperature 

d) . . . High 
[Fig. 2] 

a) . . . Polycrystal 

b) . . - Monocrystal 

c) . . . Low 

d) . . . Temperature 

e) . . . High 
[Fig. 3] 

i) . . . Temperature 

ii) . . . Position 
[Fig. 4] 

a) . . . Supercooling region 

b) . . . Solid (monocrystal) 

c) . . . Melt 
[Fig. 6] 

a) . . . Temperature 



